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XV. On the Extraction of Roofs. By Benjamin West, 
Efquire, F. A. A. In a Letter to Mr. Caleb Gan- 
nett, Rec. Sec. F. A. A. 

Dear Sir, 

HAVING a little leifure at this time, I thought it a pro- 
per opportunity to fulfil my promife of fending you the 
fubftance of what I have done, reflecting the Roots. What I 
chiefly aimed at was, to render the method of extracting the 
roots of the odd powers eafier, and lefs burthenfome to the 
memory ; and, I think, I have not failed in my attempt. The 
method, followed by Ward and others, is excellent, but is at- 
tended with too much difficulty in getting the divifors ; efpe- 
daily for learners, who are not acquainted with the reafon of 
the rules. — That difficulty I have ftiove to remedy in the fol- 
lowing work. In the courfe of my teaching, finee I made 
this difcovery, I have not met with more trouble in teaching 
the third, fifth and feventh powers, than what is ufual in ex- 
tracting the fquare root. Methods, fimilar to thefe, may be 
found for extracting the roots of the even powers. 

I generally get the three firfl figures in the root by the firfl 
operation, (if there are fo many in the root) tho' many times 
four or five may be got, if the firfl figure in the root comes 
very near to the firfl period of the refolvend. 

As it is not necefiary to make a long introduction, I mail 
proceed to fhow in what manner I investigated the rules. The 
cube root being the firfl in order, I /hall begin with that ; and 
in order thereto, let the refolvend be = a ; the firfi: figure in 
the root = r- } and the remaining figures in the root= e ; and 

then 
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then the root will be r -J- e ; and, by involution r 3 -{- y l e -f- 
2,re z -\-eee—a. By dropping e 3 , and making the other terms 
equal to a, we mall have r 3 -\-ye z -\- ye=.a ; and by fub- 

traction ye 1 -J- ^re* ' = # — r 3 ; and by divifion <?*-|-?y = "HL-j 

and by compleating the fquare, we mall have <?* -J- re -f- - = 

•4 

~ — |-- =^7^" i hy extracting the fquareroot of both fides, 
it will give e -\- — = v / HLzZ ; whence e= — ~ + y/ 4a ~ r ; 

2 12/- 2 izr 

and by the addition of r on each fide, it will bcr-\-e= r --J" 

s/^ZZ^ — - + v/l^=T 3 . From which comes this rule ; 

I2»- 2 I2r 

Take the nearefl root to the firit period of the refolvend, be 
it more or lefs than juft, and fupply it with as many cyphers as 
there are remaining periods in the refolvend, and call it the af- 
fumed root. Then multiply the given refolvend by 4 ; from 
the product fubtra<5t the cube of the affumed root ; divide the 
remainder by 1 2 times the affumed root, and extract the fquare 
root of the quotient. To the fquare root, thus found, add one 
half of the affumed root, and it will give the cube root cor- 
rected ; which may be repeated and carried to what exactnefs 
you may wifh to have it ; — always taking the lafl root for the 
affumed root. 

Take an example or two, — Let it be required to extrad the 
cube root from 735051274. Here 9 is the nearefl root 735, and 
900 is the affumed root, lefs than juft. 

735*051274 
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450 = the aflumed root; 
902= true root, nearly. 
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Ta£e a fieond example. Extract the cube root from 330*2^ 
3306*5 ( 70. =affumed root,, more than juft. 

The work repeated, 

3 1.32250a. r 

70.=— 343 OOQ 69,1 
.. ... . 69,1 

7QX 1 2=84^0 1,97950(0 ( 1166,07 (34,1 
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69, 1 = — 329939, 3 
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Two examples being fufficient to illuftrate the rule, I mall 
proceed to the furfolid, or fifth power. The inveftigation is as 
follows : 

Let a = the refolvend ; r = the firft figure in the root, 
and £ = the remaining figures. Then r + e = true root, and 

■ 4 

r % + 5>v+ ior 3 *?* + iorV 3 + 5/v 4 + e s =a-, and by drop- 
ping all the terms that contain a higher power of e than e % and 

by 
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by making the remainder equal to a, there will be r J -f- $re 
-j- lor^e* =a, and then $re -\- ior 3 ?* == a — r s ; and by 
divifion e % -f- 4-n? = — j ; and by compleating the fquare we 

{hall have ^ + -1 r, + &"=*=? ' +£= ^=? 5 = ^i 

11 ' l6 ior 3 ' i6 l6or 3 go/- 3 i 

!!■■ ■ I I ■ — — — ^ 

and by extracting the fquare root, e -j- -=r v / a ~T i > ar >d by 
fub traction e = — ~-f"v/ r > am * by adding r on both 

1 4 ' 8e>- 3 

this rule : 



fides ; r-\-e-=r — --{-\/- a ~ —\- =4'"+v / - — ¥ • Whence 

1 4 ' 8e>- 3 ' 8or 1 



Take the nearer! root to the firft period of the refolvend, 
more or lefs than juft, and annex as many cyphers, as there are 
remaining periods in the refolvend, and call it the affumed root. 
Multiply the refolvend by 8, and from the product take 3 times 
the fifth power of the ailumed root ; divide the remainder by 
80 times the third power of the affumed. root, and extract the 
fquare root of the quotient ; to which add three fourths of the 
affumed root, and it will give the furfolid root corrected : — It 
may be repeated, and carried to what exactnefs you would have 
it : ftill taking the laft root from the affumed root. 

' Let us take an example from Ward : Extract the furfolid 
.root from 12309502009375. Here the neareft furfolid root to 1230 
is 4, and the affumed root 400, lefs than juft. 

X 12309502009375 

* The co-efficients are divided by their greateft common meafure. Euc.h-. r. p. 3, 
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12309502009375 (40o=aflumed root. 
x8 



5 98476016075000 

400x3=— 30720000000000 
j ■ ■ . . . 

400)180=512.0000000)677560116075000 ( 13233 (115 
5I2*"* 1 300 

1655 I 32 415 

I536 — 21 
— 21 



II96 I 1133 

1024 I 1 25 



1720 
1536 

184I 



225 



305 

One cafe being fufficient to exemplify the rule, I ihali not 

trouble you with a fecond. The next is the fecond furfolid, 

or feventh power : And let the fame letters ftand for the fame 

things, as in the preceding powers ; and then we fhall have r 1 

-\-jr 6 c-\- 2ir $ e r + 35^*t' ! J C 35 rV * + 2irV s +yre 6 -\-e 7 

= a ; and by neglecting all the terms that contain a greater 

power of e than e 1 , and making the remainder equal to a, there 

will arife r 1 -\-jr t e-\-2ir''e x ~a- andyr 6 e+ zr s e l ~a — 

.7 
r 7 ; and by divifion ^-h lre = ^LJL - y and by compleating 

the fquare, e~- + ^re-h± = "~ + ~ =1^—2 •* ByextracT> 

ing the fquare root of both fides of the equation, there will 

arife. -f ^r = J^^\ and , = — > + \/^^f '\ And 
252/-" 252/- 

furthermore, if r be added to both fides of the equation, there 
will be had, r4-£ = r-- -ir 4- v/— — r- = i< r +v/~— ^ « 

r 2 - ar S 252/*- 

Whence this rule ; Take 

• See note. p. -166. 



MATHEMATICAL PAPERS. 171 

Take the neareft fecond furfolid root to the firft period of 
the refolvend, and place as many cyphers at it's right hand as 
there are remaining periods in the refolvend, and call it the af- 
fumed root. Multiply the refolvend by 12, and take 5 times 
the feventh power of the affumed root from the product, and 
divide the remainder by 252 times the fifth power of the af~ 
fumed root -, extracl the fquare root of the quotient, and add 
the root to 4 of the affumed root, and it will give the fecond 
furfolid root corrected ; which may be repeated and carried to 
the defired accuracy, — remembering to take, in each operation, 
the laft root for the affumed root. We will take Ward's exam- 
ple, viz. Extradt the fecond furfolid root from 382986553955078125 
Here the neareft root to 3829, is 3, and 300 is the affumed 
root, lefs than juft. 

3*2986553955078125(300 



7 459J 8 3 86 474<5o9375°o 

300x5 = — 1035000000000000000 



5 _____ — __ , . 

^00x252-— 61236)0000000000 )350233864J746o9j75oo(57 19 

3061 80 ' •• 



440538- t 
428652 

1 18866 
61236 



576304 
541124 

35180 



7 ) 57i9 ( IS 

7 49 250 = |- of the affumed root. 

J 45 819 325 _* root, agreeable to Ward. 

725 

94 X 2 Scholium, 
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Scholium. 
It may be obferved, that in the foregoing examples, I have 
carried the work out at large : This I did in order to avoid any 
feeming embarraffments. Whatever contractions are made ufe 
of by Ward, or others, may be adopted, with equal propriety, 
in thefe methods ; and I have not met with an inftance,in which 
thefe rules do not approach the root with equal celerity, as thofe 
of the forementioned author. 

I am, &c. 

BENJAMIN WEST. 
To Mr. Caleb Gannett. 
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